Using an ab initio methodology, we compute the potential energy curves and the spinorbit coupling integrals of the N 2 electronic states located in the 0-120000 cm -1 energy domaine.
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L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. Introduction by the close lying electronic states of N 2 are nicely discussed and reviewed in Refs. [1] [2] [3] [4] [5] . Briefly, these electronic states are accessible (favorable Franck-Condon factors) by optical transitions from the ground state (GS) of N 2 either by spin-allowed (singlet-singlet) or spin-forbidden (singlet-triplet)
absorptions [6] [7] [8] . Some triplet-triplet transitions were also well analyzed [6] [7] [8] . Outside the FranckCondon region of GS, a quintet-quintet emitting system was detected and assigned later, by the help of theoretical calculations, to the C" 5 Π u ß A' 5 Σ g + transition, which is responsible for the Herman (HIR) bands of N 2 [9] [10] [11] [12] [13] [14] [15] . Very recently, some of us have predicted a second quintet-quintet system at higher energies [16] . It was shown there that some of these quintets couple to their close lying electronic states of triplet spin-multiplicities and participate into their perturbation as noticed experimentally [16] [17] [18] [19] [20] [21] [22] [23] .
Presently, we use state-of-the-art ab initio methodology for the investigation of electronic states of N 2 . In light of these calculations, we reanalyze the singlets and the triplets located outside the Franck-Condon region, which are not accessible directly from N 2 GS. Using these highly correlated wavefunctions we compute the spin-orbit couplings integrals between the electronic states of N 2 lying in the 75000-120000 cm -1 energy domain. Then, we deduce their spectroscopic parameters. 
II. Methodology
The calculations were done using the Complete Active Space Self Consistent Field (CASSCF) [24] technique followed by the internally contracted Multi Reference Configuration Interaction (MRCI) [25] [26] approach. We described the nitrogen atom by a large basis set of aug-cc-pVQZ quality, which is augmented by 3 s and 2 p diffuse Gaussian type orbitals (GTOs) [27] . In CASSCF, the active space was composed by the valence molecular orbitals (MOs) of N 2 to which we added one σ g and one π g MOs for better relaxation of the wavefunctions of the N 2 electronic states whose configurations differ in their σ π orbital occupations. We used an active space larger than the valence and a diffuse basis set in order to well describe any possible The nuclear motion problem was solved using the method of Cooley [29] . The spectroscopic constants discussed below were obtained using the derivatives at the minimum energy distances and standard perturbation theory.
III. Potential energy curves and spectroscopy
We depict in Figure 1 the full set of our CASSCF/MRCI potential energy curves vs. the internuclear distance. These potentials are given in energy with respect to the GS minimum. This of interest is in good accord with the previously ones. For instance, this is the case for the majority of the electronic states located in the Franck-Condon region so that we will not discuss them in detail. In addition, our calculations allow better description of some singlet and triplet states lying at high energies. These states are either strongly or weakly bound or repulsive in nature. In the following, we focus on the spectroscopy of the bound states and their spin-orbit interactions with the close-lying electronic states of N 2 . The repulsive states are mostly of quintet spin multiplicity. They were widely discussed and commented in Ref. [16] . It is worth noting that the literature on the N 2 electronic states is wide and it is not the scope of the present paper to enumerate it. Instead we present our results and their comparison to the earlier VCI treatment of Michels [30] and to the multi configuration interaction study of Mulliken and co-workers [31] . These two theoretical works represent the most complete treatments of the N 2 electronic states. The analysis of the electron configurations of these electronic states coincides with its performed by Mulliken and co-workers in Ref. [31] . Especially, the valence or Rydberg or mixed character of these electronic states is confirmed by the present calculations.
In the 90 x 10 3 -120 x 10 3 cm -1 energy range, we calculate three bound states located outside the Franck-Condon region from GS: Σ g -) ele ctronic states.
IV. Spin-orbit couplings
We evaluated the spin-orbit coupling terms between the electronic states of interest over the CASSCF wavefunctions and using the Breit-Pauli Hamiltonian as implemented in MOLPRO. These integrals are calculated in Cartesian coordinates. Figure 3 
V. Discussion
In this section, we detail the implications of the presence of the 1
1 Γ g and 2
3
Σ g -electronic states in the radiative transitions and perturbations of the well-known electronic states of N 2 . Then we use our PECs and spin-orbit coupling integral evolutions to treat the interactions of these electronic states with the other electronic states.
Implications for the radiative transitions in N 2
In despite that the 1 [42] found that the intensity of the (0, 2) band of the Herman-Kaplan (E ? A) system was ~5 times stronger than the previously predicted theoretical value. Moreover, the relatively long radiative lifetime for the E state of 270 ± 100 µs measured by
Freund [35] is probably because of the p opulation of the E rovibrational levels by spin-orbit conversions from the 1 Σ g -. We display in Figure 5 the PECs of these electronic states together with those of the other gerade states crossing them.
For N 2 (1 3 Σ g -), the situation is rather complicated since this triplet is embedded into a set of potentials of electronic states to which a priori it can couple. Indeed, Figure Π g states present dissociative behaviors and lead to the lower asymptotes.
The dynamics of the rovibrational levels supported by the 2
3
Σ g -weak potential should be complex.
This should affect the lifetimes of such levels. In addition, we expect that the 2 
VI. Conclusion
Using a full ab initio treatment, we investigated the electronic states of perturbations of t he singlet, triplet and quintet manifolds of states are discussed. Therefore, we strongly recommend the consideration of these electronic states in the analysis of the N 2 spectra at these energies even those located in the FC region. In the near future, we will be computing the nonadiabatic couplings between these electronic excited states.
This work should motivate new experimental investigations dealing with N 2 , especially the gerade states using, for instance, multiphoton absorption techniques. We could also suggest the study of the emission spectra of electric discharges established in supersonic jets, where one may observe simultaneously N 2 emitting systems of any spin multiplicity, rotationally cold, similar to those allowed the identification of Herman's quintet system. Σ g -states with the close lying states.
